The compound Cl-W(Mes) 3 -N=N-W(Mes) 3 -Cl can polymerize, giving large inorganic pi systems containing N 2 and W(Mes) 3 where Mes=mesityl. Some of these compounds have been studied in the present paper using B3LYP functional. A description of the molecular orbitals from the pi system is given, explaining the role of the mesityl groups, the terminal chlorines and the d atomic orbitals from W in the whole conjugated system. Other data such as bond order, atomic partial charges or geometry are studied. These compounds are also compared with some hypothetical derivatives.
Introduction
The compounds with metal-dinitrogen bond have been known for many years. Some of them have been studied because of their magnetic properties, or with the aim of achieving N 2 fixation and reduction. 1 However, the compounds of W with dinitrogen have not been thoroughly studied yet.
The atoms of W in these compounds can be considered as W 4+ thus its electronic configuration is d 2 . Despite that, the molecule is clearly diamagnetic. 2 In contrast, the atoms of Mo can be considered as Mo 3+ . Its electronic configuration is d 3 and the equivalent compounds with Mo-N 2 are paramagnetics, with a triplet state. Apart from that, the main goal of dinitrogen fixation by coordination with metals is the cleavage of the N 2 triple bond, and this is not achieved when the metal is W. So, this kind of compounds has very odd properties.
Solari et al. 2 have reported that Cl-W(Mes) 3 -N=N-W(Mes) 3 -Cl is able to polymerise, giving [Cl-W(Mes) 3 -(N=N-W(Mes) 3 -) 2 -Cl] -and [Cl-W(Mes) 3 -(N=N-W(Mes) 3 -) 3 -Cl] 2-and so on. These compounds will be named as W 2 , W 3 and W 4 hereafter. One of the most curious aspects of these compounds is the large pi unsaturated system, with 2, 3 or 4 atoms of W bonded to 1, 2 or 3 molecules of N 2 . None of the other metals is known to be able to develop such linear unsaturated pi system, with dinitrogen as a bridge, and more than 2 nuclei of transition's metal. For all these reasons, it is interesting to study that kind of inorganic compounds.
The goals of the present study are as follows. Firstly, to study the electronic structure of D r a f t D r a f t 5 precursor could seem very similar to W 2 . However the former does not contain Cl, so the oxidation's number of Mo is +3 and the molecule is a triplet whereas in W 2 the W is bond to Cl, the oxidation's number is +4 and the molecule is a singlet.
To the best of the knowledge of the author no other study is performed about the Cl-W(Mes) 3 -N=N-W(Mes) 3 -Cl molecule and their polymers.
Computational details
Some concerns have risen when the description of the molecule has been done. The decision of including all the atoms in the molecules leads to some restrictions. The symmetry group is C 3h . The data obtained by RX diffraction 2 shows that the geometry is almost C 3h but no exactly.
For the calculations, DFT 15 has been used. The chosen functional has been B3LYP. 16 Currently, this is one of the most used functionals in organic chemistry and in inorganic chemistry as well. 17 The use of B3LYP, even though with transition's metals, is an 30 In all these cases, the values for N-N bond length did not change significantly. To remove the constrains for geometry afforded slightly better results, which are reported in Table 1, using B3LYP and SBKJC. The experimental data are obtained using X-ray diffraction, thus these are obtained in solid state. Probably the lattice has a notable influence in geometry, and an ab initio calculation applied to an in vacuo molecule do not show the same effects. As a consequence, the results should be considered just in a semi quantitative way. 
Electronic structure
It would be interesting to look at the molecular orbitals involved in the pi bonds in W 2 .
The first model for M-N=N-M systems proposed by N. Re et al. The HOMO and LUMO (Figures 2 and 3 ) have e'' and e' symmetry, and they are similar to 2e and 3e from references. 3 There is also another e'' which is similar to the last molecular orbital 4e from the cited reference.
The expected 4e double degenerated pi MO, completely antibonding, splits in two sets of double degenerated e'' pi MO. This is also an effect of the conjugation. If H is used instead of mesityls, only one double degenerated pi MO like 4e appears.
LUMO are mostly antibonding between W and N, and bonding between N 2 . In contrast HOMO are mostly bonding between W and N, and antibonding between N 2 . HOMO shows a node between N and W, where the bond order is weaker. Because of these differences between HOMO and LUMO with alternating bonding and antibonding zones, it is possible to make predictions about how the electronic occupation could modify the bond orders along the chain. This point will be discussed later. Table 2 . Table 3 . Table 4 . there is not in any case a "ground" molecular orbital pi completely bonding but an ensemble of 9 MO with energies from -0.288 to -0.225 (Table 4) . can be difficult to find, and these could involve lots of factors such as redox potentials, thermodynamics, kinetics, transition states, etc. These differences, then, can hardly be explained using only the quantum chemistry. However, given that W 2 has chlorine and D r a f t an oxidation number different than their Mo equivalent, and their stability is bigger, it is tempting to try to explain this differences in the stability of N=N bond.
The molecular orbital which is involved in the rupture of the N=N bond is a''. This is shown in Figure 8 . , which is also a triplet. It is easy to see in all the studied examples that regardless of the metal, the multiplicity or the oxidation number, the energy of a'' rises strongly due to the overlap with chlorine. Tables 2, 3 Table 5 ) the gap from e'' to a'' decreases to a half or lower (0.102-0.110), and the gap e' to a'' decreases to a thirth (0.042-0.057). Then, the gap does not depend on the metal, or the multiplicity, but the presence of chlorine or another D r a f t 16 halogen, which make a'' more energetic. The higher the energy of a'', the lower the possibility of filling this molecular orbital due to a thermal or photochemical excitation. Besides that, there is still another factor to consider in the stability of these compounds.
The presence of 6, 9 or 12 mesityl groups should lead to some interactions between them. The optimization of W 2 adding the Grimme's correction for non covalent interactions gives almost the same geometry and bond orders. The total energy, however, decreases in 0.236 Hartree. This is only a rough estimation of the magnitude of the non-covalent interactions between the mesityl groups in the whole molecule, but it shows than these non covalent interactions between mesityl are not negligibles.
Ions
Looking carefully the HOMO and LUMO, it is clear that if these compounds gain or lose 2 electrons, a change in the occupation of HOMO and LUMO can change strongly the bond orders along the chain. For W 2 , to gain 2 electrons would increase N-N bond order and decrease N-W bond order. Curiously, to lose 2 electrons would give a similar effect. In both cases the molecule becomes a triplet state. This effect has been checked and table 6 shows these results. seems to be energetically allowed with ∆E= -0.045 Hartrees.
Conclusions
The electronic structure of some special unsaturated systems (named W 2 , W 3 and W 4
in the text), which contains W, N 2 and mesityls, has been studied using DFT under Solari et al. [2] . In W 3 the bonding scheme is as follows: Figure 8 . In W2, the 254th molecular orbital. This is an a'' orbital and does not belongs to the pi system. However, as it is explained in the text, this MO plays a fundamental role in the reactivity of this compound. This MO is sigma antibonding between both N and it is empty. The presence of Cl makes more energetic this MO. Without the Cl, the energy of this MO decreases, and the possibility of being partially filled due a photochemical or thermal excitation is bigger, which can leads to a split of the N=N bond. 
